WE HAVE REPORTED two cases of human tumours (OTUK and LJC-1-JCK) which produced GM-CSF (Asano et al., 1977; Sato et al., 1979) . It was noted that nude mice bearing these tumours developed a marked granulocytosis in parallel with tumour growth. GM-CSF, which is mandatory for in vitro growth of granulocytemacrophage colonies in semisolid cultures, has been considered an important humoral regulator of granulopoiesis and macrophage formation in vivo (Metcalf, 1977) . The in vivo effect of GM-CSF obtained from various murine and human tissues, however, has not been clearly demonstrated. Previous reports (Asano et al., 1977; Sato et al., 1979) have indicated that tumour-derived GM-CSF stimulated granulopoiesis in vivo, and the system of heterotransplantation of human tumours into nude mice might provide a useful tool for detection and characterization of human GM-CSF-producing tumours.
In the present paper, we report further investigations on the granulopoietic effect of different human tumours which have been serially transplanted into nude mice in our laboratory. We show that the variation of granulocytic response is often related to the level of human GM-CSF activity derived from the tumour cells.
MATERIALS AND METHODS
Transplantation of human tumours into nude mice.-6-8-week-old BALB/c nude mice of both sexes bred under specific-pathogenfree conditions were used. The human tumours used in this assay were originally obtained at biopsy or necropsy. Immediately after removal, they were cut into small pieces and suspended in cold McCoy's 5A medium or Eagle's minimum essential medium (Gibco) containing 20% foetal calf serum (Flow). Within 6 h of their removal, several pieces were transplanted separately with the use of a trochar into the s.c. space of nude mice. After a period of 1-2 weeks, the visible growth Of some of thetzse tuinours as discrete imasses was observed. The growth rates differed from tumour to tumour. When the masses had attained a weight of more than 2 g, they wAere transferred to other nude mice in order to maintain the tumours. These tumour-bearing mice were kept optimally nourished and showed no obvious evidence of infection. Tumours weighing more than 10 g usually became necrotic, which might have affected peripheral wrhite-cell counts, and these were excluded from this study. The number of peripheral white cells was counted in blood obtained from the tail or ocular veins of the mice, and differential counts were made on smears stained with Wright-Giemsa.
Preparation of tumour extract. The tumours harvested from the mice, stored at -70°C, were used for the estimation of tumourderived GM-CSF activity. After being cleared from mouse connective tissues with scissors, 2 g of each of these tumours was homogenized with a Polytron(PT-10) in 10 ml of cold phosphate-buffered saline, and the homogenate was centrifuged at 60,000 g for 60 min at 4°C. The supernatant w-as then dialysed against 50mM phosphate buffer (pH 7 4) for 3 days at 4°C with 3 changes of the buffer. After removal of the precipitate by low-speed centrifugation, the resultant supernatant was filtered through 0 45 utm Millipore membranes and stored until further use. Assay of GM-CSF activity. GM-CSF activity of the tumour extracts was assayed using both mouse and human marrow cells as targets. Mouse marrow cells were obtained from femurs of 6-8-week-old female mice of the C3H/He strain (Doken, Saitama, Japan) and human marrow cells by sternal puncture from normal volunteers w%Nho had given informed consent. Adherent cells w%ere removed from the human cells by glass adherence in order to exclude endogenous GM-CSF production (Messner et al., 1973) . The procedure of agar culture for granulocyte-macrophage colonies has been described in detail elsewhere (Asano et al., 1977) . In brief, 5 x 104 mouse or 2 x 105 human marrow cells were cultured at 37°C in a humidified 7-50 CO2 atmosphere in 1 ml of modified McCoy's 5A medium containing 20% foetal calf serum and 0-3%o purified agar, in the presence of 0-05 ml and 01 ml of the tumour extract or none. After 7 days' incubation for mouse and 14 days' for human cultures, discrete colonies containing more than 40 cells were counted using an inverted mnicroscope. Morphological analysis of the colonies wAas done by picking them out fromn the dishes and staining with 0.6% orcein in 60% acetic acid. For each test, the mean number of colonies fiom 4 dishes was normalized using control cultures stimulated wi-ith known GM-CSF activity obtained from either L-cell-conditioned medium for mouse cultures or pooled cystic fluid obtained from one of the transplantable tumours (Sato et al., 1979) for human cultures. Results of GM-CSF activity in tumour were expressed as units (one unit is 1 colony obtained from 5 x 104 mouse or 2 x 105 human marrow cells in 0 1 ml of the tumour extract).
RESULTS

Granulocytosis and tumour growth in nude mtce
Soon after tumour transplantation, most of the mice developed a transient leucocytosis of moderate degree (< 20,000/mm3) which usually returned to normal within several weeks. However, the visible growth of some tumours was associated with a second and more lasting increase in white-cell numbers. In Fig. 1 , all the numbers of peripheral leucocytes counted in individual mice with tumour burdens of more than 2 g are shown separately for every kind of tumour. Nine of the 25 tumours transplanted showed leucocytosis of varying degrees. Differential counts of the blood revealed that mature granulocytes accounted for this increase in every case. However, in one case (Muscle-i) a slight increase (up to 5%o) in monocytes occurred in addition to the granulocyte increase. The average granulocyte number was in the range of more than 100,000/mm3 in 2 tumours (Lung-I and Oral cavity), 50,000-100,000/mm3 in 4 tumours (Pancreas-1, -2, Thyroid and Muscle-1) and 20,000-50,000/mm3 in 3 tumours (Lung-2, Kidney-I and -2). The degree of granulocytosis in these cases correlated with the size of the tumour. This close relationship is shown in Fig. 2 for a typical case of Lung-i (P<00001 be statistically significant (P < 0-01) (Fig. 4) . The GM-CSF activity in 14 tumours including the exceptional ones was also tested against mouse marrow cells, and was found to parallel the effects against human marrow cells (P < 0-001) (Fig. 5 ).
DISCUSSION
The number of peripheral granulocytes in patients with malignancy is readily affected by a number of factors such as infection, chemotherapeutic agents, malnutrition, tumour necrosis and bone marrow metastasis (Fahey, 1951 the assay of granulopoietic factors in terms of GM-CSF (Bradley & Metcalf, 1966) this interesting biological issue has not been resolved (Robinson, 1974 therefore considered and investigated the possibility that the variation in granulocytosis in tumour-bearing mice might reflect the level of GM-CSF activity produced by these transplanted tumour cells. This is in fact shown to be the case. Namely, GM-CSF activity in the tumour extracts was proportional to the number of peripheral granulocytes in nude mice (P < 0*01). In this study the transplanted tumours were used to detect the tumour-derived GM-CSF. Histologically, they were not mixed with other non-malignant human cells as might be the problem in clinical specimens. Furthermore, the activity tested was effective on both mouse and human marrow cells. Murine GM-CSF has no effect on human marrow cells, so the activity in the tumour extracts was most probably derived from the human tumour cells and not from tissue of mouse origin.
The production of GM-CSF by these tumours had not often been suspected clinically. The present findings suggest that transplantation into nude mice may be a reliable and sensitive method for 
